The Mn 3 O 4 nanoparticles were synthesized by optimizing the precipitation system MnCl 2 /H 2 O 2 /NH 4 OH. The material thus obtained was microstructurally characterized using X-ray diffraction (XRD), Fourier transform infrared (FT-IR) spectroscopy and scanning electron microscopy (SEM). The Mn 3 O 4 nanoparticles were applied to fibroblast and cancer cells. In the concentration range 25-100 µg/ml the particles showed low cytotoxic effects on L929 fibroblast cells, medium cytotoxic effects on FsaR fibrosarcoma cells and high cytotoxic effects on SCCVII carcinoma cells. N-Acetyl-L-cysteine (NAC) increased cytotoxicity of Mn 3 O 4 nanoparticles, which suggested that reactive oxygen species (ROS) were not responsible for their selective cytotoxic effect. It was shown that the Mn 3 O 4 nanoparticles entered the cancer cells and aggregated inside the membrane-bound spaces that were recognized as destroyed mitochondria.
Metal oxide powders can be synthesized using various wet chemistry routes such as precipitation and hydrolysis in alkaline medium 1, 2 , hydrolysis in acid medium 3, 4 , hydro-or solvothermal synthesis 5 , sol-gel route 6, 7 , microemulsion technique 8 , using esterification 7,9-11 , non-aqueous route 12 and γ-irradiation assisted synthesis 8, 13 . Manganese occurs in a variety of oxidation states and chemical and structural forms. Due to a variety of oxidation states as well as the facile phase transformations of MnO x during preparation, only a mixture of various manganese oxides (MnO 2 cipitate was then washed with double-distilled water and dried at 60°C. This precipitation mixture is sensitive to the order of addition of the precipitating agents. For example, under the same conditions, if the order of addition of H 2 O 2 and NH 4 OH is reversed, the formation of γ-MnOOH prevails.
IR spectra were recorded at 20°C using a Perkin-Elmer 2000 spectrometer. A sample was pressed into a small KBr disc. The XRD patterns were recorded at 20°C using an APD 2000 (Ital Structures, Italy) X-ray powder diffractometer (CuKα radiation, graphite monochromator, NaI-Tl detector). A thermal-field-emission scanning electron microscope (FE SEM; Jeol JSM-7000F) was connected to an EDS/INCA 350 energy dispersive X-ray analyzer (Oxford Instruments).
Cells (L929, FsaR and SCCVII lines) were cultured and incubated (24 h) in the presence of Mn 3 O 4 nanoparticles using standard laboratory procedures. Control cells were incubated (24 h) in a Mn 3 O 4 -free medium. Cells were visualized using an inverted inverse microscope (Zeiss). In order to determine the production of reactive oxygen species (ROS) in Mn 3 O 4 induced cell death, L929, FsaR and SCCVII cells were pre-treated for 1 h with N-acetyl-L-cysteine (NAC; Sigma, Batch# 038KO7111) at final concentrations of 1, 5 and 10 mmol/l. The determination of the cell survival fraction was carried out with a UV-Vis spectrophotometer (Crystal Violet bioassay). More detailed experimental procedures can be found in the literature 21, 22 .
For cell substructure studies, freshly collected cells were fixed in 2% glutaraldehyde in cacodylate buffer (pH 7.2), post-fixed in 1% OsO 4 in the same buffer and, after dehydration, embedded in the Spurr resin. Ultrathin sections of the materials were stained with uranyl acetate and lead citrate and examined using transmission electron microscopy (TEM). 25 . In this substoichiometric hausmannite, some of the tetrahedral Mn 2+ ions are oxidized to Mn 3+ , which causes the ν(MnO) band attributed to the tetrahedral sites at ca. 610 cm -1 to shift towards a larger wavenumber by up to 30 cm -1 . This is also in accordance with the fact that the dimensions of the nanoparticles are always more or less associated with their substoichiometric nature. The very narrow band at 597 cm -1 can be assigned to the lattice Mn-O vibration of manganite (γ-MnOOH). The appearance of this band in the IR spectrum and not in the XRD patterns is in accordance with much higher sensitivity of FT-IR spectroscopy to the presence of γ-oxyhydroxide polymorphs. Furthermore, this advantage is even greater in the nanosized systems, as the XRD lines broaden, while the lattice Mn-O vibration feature of γ-oxyhydroxide polymorphs remains sharp. For example, lepidocrocite, γ-FeOOH, also shows a very strong lattice Fe-O vibration at 1022 cm -1 , being detectable in a mixture of iron oxides by IR spectroscopy in very small amounts 26 . In the present case, γ-MnOOH was probably present in traces not detectable by XRD. 2 groups can be considered as precursors of γ-MnOOH (probably in the form of thin films), which may explain why free γ-MnOOH wires were not visible in the FE SEM image (Fig. 2) .
RESULTS AND DISCUSSION
The application of nanoparticles in biomedicine is an emerging field 27, 28 . The cytotoxicity of nanosized Fe-TiO 2 (ref. 21 ) and V 2 O 5 (ref. 22 ) nanoparticles to cancer cells was investigated previously. It was shown that V 2 O 5 nanoparticles are highly cytotoxic to cancer cells per se, whereas Fe-TiO 2 nanoparticles had to be sensitized with UV light to be able to kill cancer cells. In this work, the synthesized Mn 3 O 4 nanoparticles were applied to selected fibroblast and cancer cells. 29 . In order to determine the production of ROS in Mn 3 O 4 induced cell death, L929, FsaR and SCCVII cells were pre-treated with NAC. Instead of the expected quenching of the ROS and increased viability of cells, NAC increased cytotoxicity of the Mn 3 O 4 nanoparticles (results not shown). Thus, NAC did not confirm the production of ROS, which suggests that ROS were not responsible for the selective cytotoxic effect of the Mn 3 O 4 nanoparticles. Further investigation is needed to explain the selective cytotoxic effects of the Mn 3 O 4 nanoparticles. Also, NAC enhanced the Mn 3 O 4 cytotoxicity and a detail mechanistic study should be undertaken to explain this absolutely unexpected reverse effect. To be more precise, the particle aggregates agglomerated and accumulated inside the membrane-bound space that was recognized as destroyed mitochondria 30 . The mitochondria have a swollen morphology with a bright matrix and completely destroyed cristae. Their main function -to produce cellular energy -was blocked, which consequently led to the cell death. It should be pointed out here that similar to SCCVII cells, Mn 3 O 4 in L929 and FsaR cells also accumulated in the membrane-bound space (results not shown). Thus, the localization of nanoparticles in cells was not the main reason for selective cytotoxic effect of the Mn 3 O 4 nanoparticles. 
CONCLUSIONS
The pseudospherical 20- 
